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H Y D R A U L I C  MODEL AND P R O T O T Y P E  S T U D I E S  OF C A S A  

C O L O R A D A  C H A N N E L I Z A T I O N . - M I D D L E  RIO GRANDE 
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SUMMARY 

The p u r p o s e  of th i s  s tudy  was  t o . d e v e l o p  i n f o r m a t i o n  fo r  e f f e c t i v e  
d e s i g n  of j e t t y  f i e l d s .  ~ T e s t s  w e r e  m a d e  to e s t a b l i s h  v e l o c i t y  r e d u c -  ~ 
t ion  and r e c o v e r y  r e l a t i o n s h i p s  of j e t t y  f i e l d s  in t e r m s  of t h e  F r o u d e  
n u m b e r .  The  da ta  a r e  g iven  :in equa t ion ,  d e s i g n  cu rve ,  and f i n a l l y  in 
h o m o g r a p h  f o r m .  The  nomograpl{  p ~ e s e n t s t h e  v a l u e s  of a l l  v a r i a b l e s  
i n v o l v e d  wi th  v e l o c i t y  r e d u c t i o n s  c a u s e d  by je t ty~f ie lds .  

T e s t s  w e r e  a l so  m a d e  wi th  the  m o v a b l e  b e d ~ m o d e l  of t h e  C a s a  C o l o r a d a  
p r o t o t y p e  r e a c h .  The  s u s p e n d e d  s e d i m e n t  i n t h e  m o d e l  c o n s i s t e d  of~a 
l i gh twe igh t ,  g r a n u l a r ,  p l a s t i c  m a t e r i a l .  T h i s  , s tudy  w a s  d i r e c t e d  t o w a r d  

l -  d e t e r m i n i n g  t~e ef fec t ,  of t i e  b a c k  s p a c i n g  and 'depth of f low.  on f r i c t i o n  
v a l u e s  w i th in  the  j e t t y  f ie ld .  T i e b a c k  s p a c i n g s  of~250 and 5 0 0 f e e t  w e r e  
s t u d i e d  and c o m p a r e d  wi th  a c o n t r o l  s e c t i o n  h a v i n g  no j e t t y  f i e l d s  i n s t a l l e d .  

F i e l d  da ta  c o l l e c t e d  by p r o j e c t  p e r s o n n e l  w e r e  a n a l y z e d  to e s t a b l i s h  c o r r e -  
l a t i o n  of the  m o d e l  p e r f o r m a n c e  with~th e ~prototype. .- ............... . . . . .  . . . .  

A s e t  of g e n e r a l  f r i c t i o n  c u r v e s  was  d~ve loped ,  l e a d i n g  to a m e t h o d  of 
es"~imating the  t i m e  to f i l l  a j e t t y  f i e ld  wi th  s e d i m e n t .  



Steel jacks and jetties have been the Corps of 
Engineers, highway departmentrc and others to 
prevent damage to riverbanks, levees, bridge abutments, and other 
structures. The Bureau of Reclamation is using them to channelize 
the Rio Grande in the Middle Rio Grande Valley. The individual jack. 
unit consists of three angle irons, 12  o r  1 6 feet in length, joined at 
their centers. A network of 'wire is laced to the angle irons. These 

- 
units are threaded with cables to form the front and tie back lines 
which makes a jetty field. Figure 1 shows a typical modeled jack 
unit. Figure 2 shows a plan a ~ i d  cross  section of a typical jetty field Y 
installation. 

Jetty fields incorporate some of the good features of walls and groins 
but a re  permeable, reducing the possibilities of overconfining the 
r iver and causing end scour such as occurs with impermeable groins. 
Jetty fields act a s  sediment traps by reducing thebelocities within 
them. In most cases, sediment deposits a r e  stabilized by vegetation. 
The alinement of the Middle Rio Grande is being improved with jetty 
fields which cause the phreatic water surface to lower thereby reduc- 
ing evaporation and transpiration losses. 

REVIEW OF PREVIOUS STUDIES 

The investigations described in this report supplement previous work 
described in the paper "Use of Steel Jetties for Bank Protection and 
Channelization in Rivers, " by E .  J. Carlson and P. I?. Enger, pre- 
sented at the Hydraulics Division Meeting, ASCE, Madison, Wisconsin, 
August 1956. 

The data in the above-cited reference presented velocity change in the 
jetty field in terrris of unit discharge, nm-ber of tie back lines, and 
depth of flow for a range of simulated flow conditions. It should not 
be extrapolated beyond these conditions. The number of tie back lines 
varied from 1 to 7. The velocity of approach was equal to or  l ess  than 
4.16 feet per second. The Froude number range.d from 0.066 to 0. 300. 
The model was always operated at depths greater than critical. The 
tie back jacks represented in that study were made with 12 -foot by L 
3-inch by 3-inch by 114-inch angle irons laced with No. 6 wire. In the 
model study, the jetty field width equaled the channel width. 

r 

JETTY FlELD VELOCITY RECOVERY CONCEPT 

In the ear l ier  study, velocity reduction tests  were based on the com- 
parative number of tie back lines through which the flow passed. The 
spacing of tie back lines was changed but was not used as an independent 



ery  concept as foll6ws. Consider a' simple jetty field consisting 'of .one 
tie back line and one continuous frontline. As flow passes through the 
tie back line, a velocity reduction occurs and some of, the flow moves 
out to the channel due to the damming effect of the tieback. Downstream 
from the tieback, flow passes into the jetty; field from the channel. The 
velocity increases in the field until it attains normal velocity for the 
slope and roughness of the r iver section. To maintain a velocity in the r\ 

jetty field lower than the normal velocity for  the r iver section, the tie- 
backs must be spaced so  there is not complete velocity recovery between 
them. Hydraulic model studies weie conducted to relate tie back spacing 
with velocity recovery. I 

VELOCITY RECOVERY STUDIES I3T FIXED 
BED SECTIONAL MODEL 

The fixed bed model was arranged in an open channel flume 13 feet wide 
with a continuous frontline of 1:16 scale jacks dividing the channel along 
the centerline, Figure 3. One tie back line of scale jacks was placed a t  
an angle of 67.5O with the frontline a t  its upstream end. Flows of 8. 33, 
16. 67, and 25.0 cubic feet per second per foot of width representing 
total discharges of 5, 000, 10,000, and 15, 000 cubic feet per second for 
the middle Rio Grande in the Casa Colorada area  were used in the study. 
Prototype depths represented were 4 to 8 feet. 

From di=ezsional analysis, the following relationship was adopted: 

V~ - - f ( ~ f ,  X, sin +) (1) 
' 7 7  P- 

where 
Vo = Velocity in the normal r iver channel upstream from a jetty 

field. 

VR = Velocity reduction in the jetty field (VR = Vo - velocity in 
jetty field). 

X = Tie back spacing or  distance downstream from a tieback. 

Y = Depth in normal r iver channel upstream from a jetty field 
installation. 

v o  
NF = -@Jv Froude number of normal flow in the r iver channel 

upstream. 

eleration of gravity 

ween a tie back line and a frontline. 
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This equation gives the tie back spacing ratio.desired for design. A 
graphical representation of this equation is shown in Figure 4. 

USE OF DESIGN GRAPHS FOR JETTY UNITS 

The graph of versus 3 with NF a s  a parameter, Figure 4, i s  to 
" vo 

be used to find a tie back spaclng that will maintain a design velocity 
reduction once this reduction has been obtained immediately upstream 
from any one line in the jetty field. Enter the graph with the desired 
velocity ratio VR and read the spacing-depth ratio X opposite the Froude 

G- Y 
number NF. The proper Froude number to be used should be based on 
the depth and velocity of the flow upstream from the jetty field. 

The graph in Figure 5 is to be used for special conditions or  to design 
a jetty field so that the velocity is quickly reduced to the desired amount. 
By entering the graph with the VR value which occurs immediately 

v, upstream from any line on the right scale and proceeding around the 
graph counterclockwise, the VR value immediately upstream from the - 

vo 
I next line may he found. This process may be repeated as many times 

as is necessaray. This graph is an adaptation of Equation (3). The ~ velocity reduction ratio downstreamof anyline 'h" i s  the sum of the reduc- 
1 tion ratio ny to the line and the reduction ratio through the line. 

'k, - v ~ n -  + vkn - -  - (7) 
v, vo vo ! 

The velocity reduction through line "nl' is: 
v ' 

t ( 2 - 1 ) ~ F  + 0. 308 Rn = 0.108 in 1- (8) 
vo  

Substituti~g (8) in (7) gives: 

*n = 'R,- 1 + - v ~ n -  1 0.108 - py0  ] [  
vo v o  





where 

X = the &/back spacing determined from Equation (3) 

E = the le7.igth of the angle iron of the geometrically 
similar  jack 

,/ 

NOMOGRAPH FOR JETTY TIE BACK SPACING 
' 7 

A nomograph was constructed from the fixed bed model data, Figure 6, 
to assist in 'determining proper jetty tie back spacing based on the veloc- 
ity recovery principle. The namograph provides a method for solving 
Equation (3). The variables and parameters being in nomograph form 
in  one place makes interpolation simple. An example is provided on 
the nomograph. 

COMPARISON OF EARLIER STUDIES' WITH VELOCITY 
RECOVERY STUDIES 

To compare the fixed bed model studies described in the section "Review 
of Previous Studies, I '  page 3, with the fixed bed studies described in this 
report, tests  were conducted using two tie back lines. Velocity meas- 
urements were taken upstream from the f irst  tieback, between the two 
tiebacks and at four cross sections downstream from the second tieback. 
Velocity reduction o r  recovery was determined for each cross  section. 
The resulting data were plotted to relate the velocity recovery with 
distance downstream from the tiebacks and distance between tiebacks. 
The data compared very well with that produced from.the earl ier  studies 
for  unit discharges greater than 10 cubic feet per second, velocity reduc- 
tions greater than 49 percent, and the number of tie back lines six 'or 
more. In the lower ranges of velocity reductions and unit discharges 
the ear l ier  studies gave higher values. 

MOVABLE BED MODEL--CASA COLORADA REACH 

Six tes ts  were made with the movable bed model shown in Figure 7. The 
model was operated to simulate a hydrograph, as shown in Table 1, with 
steps of 5,000 cubic feet per  second, a maximum discharge of 15,000 
cubic feet per second, anda minimurndischarge of 5,000 cubic feet per 
second. 

Two sediments were used to represent the prototype material. A uniform 
sand with mean diameter 0.2 millimeter represented the bedload and a 
lightweight plastic represented the suspended load. The black color of 
the plastic material made it easy to distinguish between suspended and 



in Figure 6 with the settling velocity characteristics of the ,plastic mate- 
rial shown in Figure 9. The control weirsat the downstream end of the 
model was shaped to represent the natural river cross section. Cross 
sections at six ranges after each test are  sl~own in Figure 10. 

The effectiveness of the jetty fields is expressed.as:the difference in' 
jetty field bed elevation with respect to the adjacent 600-foot channel 
bed elevation. Test 8 with a discharge of 5,000 cubic feet per second, 
was used as  the base for comparing scour and deposition.produced by - 
the simulated hydrograph. 

The second column of Table 1 gives the difference in bed elevation of ~r 
the jetty field from that of the channel after Test 8. The other columns 
show how much greater (+) or  less  (-) the differences in jetty field and 
channel elevation were for each succeeding test, than for Test 8. The ' 

summation of the changes in difference in elevation when divided by the 
number of ranges, results in the ,average change in'jetty field bed eleva- 
tion compared to the base Test 8. 

Lowering of jetty field elevations with respect to channel elevations, 
during Tests 1 2  and 13, indicated a greater deposit in the channel than 
in the jetty field during the receding flows of the hydrograph. Table 1 
also shows that on the ascending portion of the hydrograph, scour in the 
channel increased with increase in discharge. These phenomena are  
typical of the sedimentation action in the prototype. 

MOVABLE BED MODEL--TIE BACK SPACING STUDY 

To compare jetty fields of different tie back spacings, the Casa Colorada 
movable bed model was modified. The walls of the model were changed 
to provide nearly constant jetty field and channel widths. The prototype 
channel width was 600 feet, and the jetty field widths were 450 feet on 
each side of the channel. The downstream control was changed to a 
level weir rather than representing a nartural river cross section. Tie 
back spacings of 250 and 500 feet were studied. The tie back angle was 
maintained approximately 67" throughout the study. 

A control test was made a s  a basis for comparing the effectiveness of 
the different tie back spacings. In preparation for the control run, the 
bed was shaped to a plane surface sloping to the control weir. The con- C 

dition of the bed, before a test, is. shown in Figure 11. The model was 
operated so as to represent the following prototype discharges: 

t 

5,000 cubic feet per second 
10,000 cubic feet per second 
15,000 cubic feet per second 
10,000 cubic feet per second ,+ic 5,000 cubic feet per second .,_ ; 

8 



Figure 12 shows typical photographs 6f the bed-after prodbcing this, 
hydrograph in the iiodel. The Wed was reshaped to its initial flat 
cross  section, and the above hyqrograph was  repeated for each of 
the tie back spacings studied. 

Lightweight granular plastic, representing .suspenaed ,sediments, was 
continually introduced during'the 'tests,- 'The characteristics of the 
plastic sediment is shown in Figures 8 and'9. The ra te  at which the 
plastic was added.to 'Yne model was in proportion to the product of the 
discharge and time for each s tage of the hydrograph. 

Sediment samples were taken with the .US DH-48 wading-type hand 
sampler a t  the downstream control weir. The samples were obtained 
,in the nappe of the flow and consequently, -:the sample represented 
total load. The &mples were integrated in'Lvertica.1 and horizontal 
directions. The total length ,of the weir was 'i feet, and the horizontal 
integration covered a length o? 1 foot for  each s'mnple. F o r  each !river 
discharge, samples were also obtained at the control weir in regions 
that appeared to have maximum, minimum, and average concentration 
of suspended load. These regions of the weir were kletermined by observ- 
ing the concentration of black plastic that was used to represent the sus- 
pended load. Concentration versus  discharge in log-log coordinates is 
plotted in  Figure 14. 

During these tests, average velocities were measured in both jetty fields 
and i n  the channel. Bed and water surface e leva t i~ns  were also meas- ' J  

ured. The location of suspended and bed sediment deposits were recorded 
and photographs taken. 

Core samples 4 inches in diameter were taken from the jetty fields and 
the channel. Figure 15 shows cores  taken at an upstream range line 
after the las t  test. The core with'the greatest depth of black plastic 
sediment was on the inside of the curve. Deposits in  the jetty field on 
the inside of the curve tended to crowd-the flow into the channel and into 
the jetty field on the outside of the curve. The results of these tests 
indicated jetty field installations should be constructed o d y  on the out -. 
side of curves initially. They should be constructed on the inside of 
curves only a s  the-need develops. 

Figure 13 gives the results of the scour and deposition tes ts  in the form 
of smoothed curves. It shows model velocity plotted against model 
depth for  prototype jetty tie back spacing of 250 feet, 500 feet, and 
infinity. The prototype discharges representing the step hydrograph 
a re  shown giving model depths and velocities for each discharge. 
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average a rea  of flow section, ~ i g u r e  29. The curve was computed by 
dividing flow areas  from Figure 28  by their  corresponding widths to  
obtain the depth. 

Using values from curves in Figures 25 through'29, the river character- 
istics, including velocity, depth, width, Manning's "nu, flow area ,  and 
square root of slope were plotted against r iver  discharge. These curves 
a re  shown in Figure 30. It is noted that the maximum .scatter of values 
of depth and width occur at a discharge of 5, 200 cubic feet per second. 
The average depth is 2.0 feet and the average width 500 feet. This is the 
low flow which is most difficult to control and corresponds closely with 
the value of dominant discharge determined independently in another office. 

From the velocity-discharge measarements, average velocities in the 
jetty fields and in  the r iver  channels were calculated. These averaged 
velocities were plotted against the 90 percent finer size of the suspended 
sediment in Figure 31. Another plot was made of the velocity reduction 
in percent of channel velocity versus the ratio of the 90 percent finer 
sizes of the suspended sediment in the channel to that in the jetty field. 
This ratio represents the relative size of the sediment expected to settle 
in the jetty field with respect to the suspended sediment in the channel 
for  given velocity reductions.. Points on this curve are  shown as solid 
dots in Figure 32. To cross  check Figures 31 and 32, velocity reduction 
curves were calculated from Figure 31, assuming velocities 2, 4, and 6 
feet per second in the channel. These calculated curves are  shown in 
Figure 32, and they indicate that Curves 31 and 32 a re  cons 

Cross sections of the Casa Colorada prototype reac'h a re  sh  
16 through 24. These sections verify that the jetty fields are preventing 
scour and, in most cases, ; causing deposits within the jetty fields. 

To determine the prototype carrylng capacity for suspended sediment, 
velocity and sediment concentration were plotted. There was considerable 
scatter of points, and a- curve determined by the .least squares method was 
fitted to a second-degree polynomial. This curve is shown in Figure 33. 

FRICTION FACTOR ANALYSIS 

A friction factor analysis was made of the tie back spacing model data. 
The Darcy- Weisbach friction factor being nondimensional was selected 
for the analysis. This friction factor (f) for open channel flow, assaming 
that the hydraulic radius-is  equal to  depth, is expressed by the following 
equation: 
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obtain these curves" froni the usually small Eange of values available 
from the field. 

The design channel width should correspond to the low most difficult 
disc'harge to control. Judging from the deviations in width and depth 
in Figures 28 and 29, the design channel width for Casa Colorada study , 

reach should ba about 500 feet. The corresponding river discharge is 
about 5, 000 cubic feet ,per second. F o r  this design example, a tie ,back 

.I 

spacing of 250 feet was selected, and levee to levee width of 1,400 feet 
was assumed. The channelization length was 2 miles. 

9. The installation of a jetty field causes an increase of .hydraulic roughness. 
This increase in roughness causes a reduction of velocity in the jetty 
field. Consequently, 'the sediment-carrying capacity of flow in the jetty 
field is reduced. However, this does not necessarily mean that there 
will be deposition of sediment in the ,jetty field only. The jetty field 
also causes constriction of flowsin the channel, and there is scour in 
the channel above certain discharges. 

F o r  convenience, and to simplify the computations, the process of scour 
and deposition is assumed to occur nonconcurrently and that deposition 
occurs only in the jetty field, and*scour occurs only in the channel. Both 
phenomena are  recorded a s  relative deposition. In field installations, 
deposition and scour may o r  may not occur at the same time. 

Fo r  a constant total r iver discharge, the flow in the jetty field gets pro- 
gressively less, and the terminal depth of flow approaches zero. The 
above ser ies  of events occurs for all  practical tie back spacings. The 
information desired is the average rate of relative deposition in the jetty 
field for the selected tie back spacing, and the time for the jetty field 
system to stabilize. 

Suspended sediment concentration and a varying hydrograph a re  major 
influences upon the rate of relative deposition. 

To determine the average rate of relative jetty field deposition for the 
hydrograph year, average rates for  constant r iver  discharges were com- 
puted and a re  shown in Column 2 of Table 6. Since 5, 000 cubic feet per 
second just covers the width of the design channel, the rate of deposition 
was assumed to be zero in the jetty field for  al l  flows below 5,000 c,ubic 
feet per second. The rate of deposition was calculated for a discharge 
of 10, 800 cubic feet per second since this discharge just covers the levee - to levee width of 1, 400 feet which was selected for the example design. 
A computation was also made for  7,500 cubic feet per second to deter- 
mine deposition values for  this intermediate discharge. The rates of 
deposition for 15,000 and 17,000 cubic feet per second were extrapolated. 
The average rates of deposition for  the intervals between discharges a re  
listed in Column 3. The %orresponding percent of time on the hydrograph 
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The computation of the time rate of relative deposition for the constant 
r iver discharge at 10,800 cubic feet per second appears in Table 8. 
Values of unit discharge (qc) in Column 1,  Table 8 for the design channel 
a r e  assumed for the range indicated in Figure 37. The average channel . 

unit discharge for  each interval is entered in Column 2. By continuity 
.and using the design widths, values of the unit discharge (qf) for the jetty 
field a re  determined, Column 3. For each of the assumed values of qc, 
the differences in depth between the channel and jetty field (Ay)  a re  com- 
puted from values determined in  Figure 37.and are  listed in Column 4. 



charge-intervals are  computed and appear in ~ol;mn"5. ~ h k  values of 
channel and jetty field discharges and velocities were determined from 
the continuity equation, the selected design width, and Figure 37. The 
values fo r  these variables appear in Columns 6 through 9. From Fj,g- 
ure 3 3, the corresponding values of suspended sediment concentration 
in parts per million by weight in channel and jetty field a re  entered in 
Colunlns 10 and 11, respectively. The QC terms (discharge x concentra- 
tion) in Columns 12, 13, and 14 a re  proportional to the sediment-carrying - 
capacities for the design channel and jetty field. The QC t e rm in Column 
15 is proportional to the r iver sediment-carrying capacity prior to instal- 

1 
lation of the jetty field. This te rm is constant since the computation con- 
cerns one total discharge. Whether there is deposit in the jetty field o r  
scour in the channel is noted in Column 16 which is headed-Remarks. 

The rate of scour o r  deposition, whichever occurs, is ,proportional to 
the values of the difference between'the r iver sediment-carrying capacity 
before and after channelization. The sediment -carrying values times a 
constant (1. 20) times the unit weight of water divided by the unit weight 
of the sediment gives the in-place volume of the solids scoured or  deposited 
per second, Column 20. The factor (1.20) is an approximate value and 
converts the suspended load to total load. In Column 18 a re  the areas  
associated with the scour and deposition. T'nese are?.s times the change 
in depth difference, Column 5, result in the volume to be scoured or  
deposited at the rate given in Column 20. These volumes a re  entered in 
Column 19. Dividing the values in Column 19 by tho& in Column 20 
gives the incremental times (AT)  to deposit o r  scour the incremental 
volumes, Column 21. The sum of Column 21 is the total time for the 
flow to be completely channelized for  the discharge that had originally 
covered the total jetty field installation width. This time is 2. 77 x l o 6  
seconds. ,The average relative rate of jetty field deposition is 37. 2 feet 
per year 1 ~ r  the constant r iver  discharge of 10,800 cubic feet per second. 
In the example, the relative deposition (difference in channel and jetty 
field bed elevations) amounted to 3.27 feet in 32 days to reach complete 
channelization. 

SUMMARY AND CONCLUSIONS 

The model and prototype study indicated that jetty fields a r e  successful 
in alining r ivers  that car ry  considerable amounts of suspended sediments. 

t 
The model studies showed that suspended sediment deposited in the jetty 
fields on the inside of the curves, tended to crowd the flow to the outside 
of the curves. This suggests that jetty fields be placed initially on the 
outside of curves only, and placed on the inside of curves only i f  experi- 
ence shows they are  required. 

To compute relative rate of sediment deposition, comprehensive field 
data a re  required. The use of point data analysis described in this report 
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Figure 12 

(b) Closeup of deposits in  jetty field 
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TYPICAL BED CONDITION AFTER MODEL HYDROGRAPH 

Movable Bed Model 
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: 41.28 : 8.0 : 8.0: 2.65 : 89.4 : 46.0 : : : ~.5:12.9:46.9:82.6:95.6:98;1:g8.5:gg.O:UX) : 
: 4+76 : 9.4 : 7.6: 2.62 : 97.5 : 40.6 : : : 4.0: 9.1:27.6:71.4:91.7~.9:96.7:~.6:100 : 
:&TI  :8.9: 7.9: 2-66 :l(zo.0:39.8: : : 2,6: 5.6:27.4:76.1;.93k&:m.8:98.3:99.2:;boo : 

941-A: 7-1-43 :8.8: 8.0: 2.66 :L01.3:39-1: : : 1.2: 3.g:g.8:68.5i88.3:93.1: 95.3:96.7: g8.4:lm 
U.3.92: 1+22 : 8.5 :0.0-0.5: : : 74.4:80.2:97.0:99.1:99.7:10o : . 

: 1+22 : 8.5 :0.5-7.9: 2.65 :U)5.0 : 36.6 : : : 1.4: 4.9:25.5:%.6:96.6:98.3:99.0:99.6:100 : 
: -9 : 8.2: 7.6: 2.63 -:100.6: 38.8:' : : 1.5: 6.1:34.4:67.6:87.3:%.3:94.3:95.4: 99.1:100 
: W : 9.0 : 8.5: 2.65 :109.4 : 34.0 : : : 23.3:25.0:40.2: 81.0: 84.4:~.1:95.1:97.0:98.6: ux) 

113.92: 7& : 8.6 : 7.2: 2.65 : 94.4 : 41.9 : . : : 2.5: 9.3:35.2:74.2:87.6:92.4: 94.7:96.7: 98.7:100 
~3.72: a64 : 7.5 : 6.4: 2.68 :-.8 : 32.1 : : : 0.5: 2.k 18.6:85.8:97.*1:98.8:99:6:99.9:100 : 

: 5+~4 : 9.5 : 8.0: 2.65 :i00.6 : 39.2 : : : 2.0: 8.4:40.1:~.6:92.0:95.8:97.2:98.6:loo : 
: 610 : 8.1 : 6.2: 2.67 :102.5 : 38.6 : : : 0.5: .2.1: 15.8:63.4:66.2:92.9:*.4:95.8:g.8: loo 
:7+75 :goo: 8.4: 2.61 :105.6:36.0: : : 0.5: 2.2:16.3:53.0:76.6:84.7:88.2:90.3:92.6:1QO 
: 9+78 : 9.5 : 7.7: 2.68 : 90.6 : 45.9 : : : 1.3: 4.5: 2l.5:.78,7: 92.4zip4.2: 94.8: 95.3: g6.5:100 

11.3.72:iot65 : 8.4 : 6.6: 2.63 :10~.9 : 38.0 : : : 0.8: 4.~:2g.1:74.2:87.4:ga.4:93.0:94..2:~.8:~00 . . . . . . . . . . . 
1; /~ar~gle  depth I s  &pth of emple in tube and not eqm1 to total depth because of compaction. 
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Tsble _il 

I sheet 1 o f 2  

. . . * . . .  ,:Average:Sm@e: $no, ::Meamred 
Ibte : m i o n  : Stetion :Wfdth :Velocity: depth :dsyth :: h a  :DlsLge: s . :(feet): (-3 :(feet) :(feet):(sq ft): -(cfs')- .:( . . . . . . 0 " 1 . . 

L25-57I~aaa coloraa~I ll&1!3 
. 

: 337.0: 2-07 : 1.p : 1-72 ': 578.2 : .1,199 10.0045~ 
:Csas C ~ l o W k :  U7e43 : 553.0: 1.49 : 1.43 :: 1.43 : 79.0 .: 1,178 :O.OOQ64-5 , 
:earsla~olorada: ~ 6 . 6 7  : 285.0: 2.14 .: 1.g : 1.g z 560.4 : 1 , l ~  5~0.000725 
:Caei C o l o ~ : ~  IBos- Br: 3gE.O: 2.03 : 1.51 : 1.51 ,: 59.5 : 1,202 : O . m O  
:-a C o b r a d a :  US.& : 279.0: .2.50 $: -1.59 *: 1.59 : 443.0 <: 1,108 :O.O00800 
:Casa Colorads: Idb.77 : 377.0: 2.00 : 1.48 -: 1.48 : 558;7 .: 1 :0.-5 

3-ll-57:Csaa Colorada: W.8l : 665.0: l : 1.33 : 1.33 : 884.5 ,: '3,@ : o . O O O ~  
5-12-nr~erssa ~ 6 . 4 7  : 781.0: 3.06 : 1.69 : 1.69 :1319.7 : '4,835 :o.- 

:-a Cob&: U.7.05 : 490.0: 4.W -: 1 : 1 : 3 : 3,710 :0.00@@& 
5-13-57:Cba COG-: ~ 7 ~ 4 3  : 558.0: 3.90 : 2.11 .: 2.U :Um.1 : 4,578 :0.000747 

:Casts ~olorada: U6.67 :l258.0: 2.80 : 1-29 : 1.29 :l620"5 :: *4,gk5 : o . O O Q ~ ~ ~  
:Casa ColoradR: U7.62 : 750.0: 4.08 : a.gr : 1.51 :1135.0 : 4,628 : o . m 7  

6- 6-57:- coloradpr: 117.81 : 4~6.5: 4.53 : 2-07 : 2.07 : 842.3 t <3,a4 to.000~6 
: ~ ~ C & r e d a :  J r p 5 2  : 1 :  '3.87 *: 1-46 : 1.U : sol;: 3,- :0:000736 
:ct~a ccabrabs: 117.43. : W.5: 4.39 : 1 . 8  1 : 2 : 4,007 :0.000736 

6 7-57:~ase colorada: 117.05 : 557.0: '4.47 : 1.88 : 1.88 :l&5.7 : :4,6@ :0.000739 
:~asrr colorada: 116.67 :llk6-0: 2 : 1.35 : 1.35 :195.0 : 4,517 :0:000739 
:Cwm Coloradat ~ 6 . 4 7  : 893.0: 3.07 :: 1.45 : 1.45 :329@.5 *: 3,974 :0.000739 

6-l8-57: &ma 1 Coloradat U7.81 : 440.0: 4-9Q : 1-94 ,: lo$ : 854.3 : 4,202 :0-000750 
-:Casa G o l o m d a :  lb6.47 : m.5: 5.22 : I.,* : 1.9 : n3.8 : 3,932 :0.so~750 
:-a C o l o r a d a t  U7.05 : 289.0: 4-29 3-28 : 3-18 : 98.3 : 3,&1 :0.-0 

6 - ~ ~ ~ : c e s t t c o l o ~ :  1.1.7~62 : 532.0: '4.48 : 2-58 : 1.58 : 838.1 ,i "3,754 ,:o.oogl3. 
:-a Colozmda: ~ 7 . 4 3  : 3W.O: 8.12 : 2.10 : 2.10 : 781.5 : 3,236 :0.00077l 
:~aes~olomda: ~ 6 . 6 7  : 4U.O: 4.61c : 1.9 ,: 1.9 : : 3,&9 :O.oOO7?l 

6-27-57:caaa Cob-: u 7 . a  : 366.0: 4.57 : 2-15 : 2.15 : 8:; : 3,591 :0-- 
:&ma CdLomda: : m.0: 4 .9  : 2.58 : 2.58 : 705.6 : 3,467 :0.0007b 
:Caaa Colo-: : : 358.0: 4.58 : 2p01 : 2-01 : 89.6 : 3,296 :0.000740 
:Crrsacolo-: u . 4 7  . . . :0.000740 

6-28-57:- Cob-: m.67 455.0; 4.45 1 1.68 I 1.60 766.k 1 3,410 :o.- 
t ~ a s s  cmradat u7.Q : 42~-0: 4.36 : 1.8e : 1.82 : 765.8 : 3 ~ & 2  :o.oog54 



!male 3 

Sheet 2 of 2 

Bio G& . . . . . . . :Atrerage:Sample: . :Measured 
D.te : Section : m i i o n  : W m  :v~ocity: dspth :dspLh : AM :-+-@:  lope . . . . :(fee&): (m) :(feet) :(feet):(sq ft): (cfs) :(ft/tt.) 

* . . . . . . 
4-22-58 I~llea c o l ~ n d  ~ 6 . 4 7  I 8* 1 4.03 1 1.52 1 1.2 1 1,360 I 5,480 10.000672 

:-a Coloreds: 11'7.81 : 460 : 5.69 : 2.22 : 2.22 : 3,020 : 5,800 :o.OOOQ~ 
4-23-58 :Caaa Colomda: 117.05 : 3 0  : 5.69 : 3.68 : 3.68 : 1,140 : 6,490 :0.000655 

:Casa C o b -  ~ 7 . 4 3  :' 450 : 5.58 : 2.64 : 2.64 : l,iw : 6,640 :o.oW5 
4-24-58 :Casa Cobrada: U6.47 ~1,254 : 3 1  : l o@ : 1.64 : 2,ob0 : 6,480 :0.0006;11 

:~~aa,colorada: ~ 7 . 6 2  : W : 4.9 : 1.73 : 1.73 : 1,350 t 6,po :o.oo~~U 
4-30-58 :ma colorads: ~ 6 . 4 7  : 856 : 4.44 : 1.65 : 6 : ,410 : 6,260 :0.000653 

~o3.orada: ~ 7 . 0 5  : 300 : 5-45 : 3.63 : 3.63 : 1,090 : 5 ,  :0.000653 
:Cma C o l o m d a :  U7.43 : 372 : 5 . 9  : 2.77 : 2.77 : 1,030 : "6,100 :O.O00653 
:CasaColorads: 8 -: 465: 5.70 :2.32 :2.32:1,080: 6 , m  :0.000653 

5- 1-58 :ma cnlorads: U6.67 : 700 : 4.41 : 1.94 : 1.94 : 1,360 : 6,000 :0.-5 
:ma Colorada: ~ 7 . 6 2  : 545 : 3.30 : 2.02 : 2 : 1 1  : 5,830 :0.00061c5 

5-19-58 :Cast3 Cololads: 116.47 :1,133 : 4-25 : 1.59 : 1-59 : 1,800 : 7,650 :0.000652 
:Caea Colorsda: ll7.05 : 746 : 5.36 : 2.02 : 2.W : 1,510 : 8,090 :0.000652 
:ma Colorada: ~ 7 . 4 3  : 548 : 6 . ~ 2  : 2.32 : 2.32 :.1,270 : 7,650 :0.000652 :casa colorads: 117.81 6 : 5.25 : 1.25 : 1.25': '1,W : 7,560 :0.000652 

5-20-58 :ma courada: ~ 6 . 6 7  . :l,?13 : 3.16 : 1.43 : 1.43 ,: 2,450 : 7,750 :0.&3 
:-a ~olorrsda: ~ 7 . 6 2  :1,006! : 4.14 : 1 .  : 1.84 :.i,840 : 7,ao :0.000663 

5-27-58 :(lass Colorada: U6.47 :1,587 : 3 .9  : 1.44 : 1.44 : 2,280 : 8 , ~  :0.000618 
tCasaColorada: 117.81 :1,& : 3 . p  : 1.44 : 1.44 : 2,070 : 7,690 :0 .~%48  

5-28-58 scam coloradla: ~ 6 . 6 7  :I3726 : 3.05 : 1.67 : 1.67 : 2,890 : 8,810 :0.000608 
:Casa Colorads: 117.05 1 : 3.03 : 1.60 : 1.60 : 2,880 : 8,740 ~:o.o00608 
:Casa.Colorada: ~ 7 . 4 3  :1,3ng : 4.7J. : 1.43 : 1.43 : 1,890 : 8,m :0.000608 
:ma Colorada: 117.62 :f,314 : 3.88 : 1.62 : 1.62 : 2,130 : 8,260 :0.- 
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!cable k 

. . . , 
J ,  

. . Percerrt; finer than (sieve size I n  xn) 
Sample No.: Section : Startiwl :0.~5:0.125:0.250:0.500:1.000:2.000:4.000:t1.000:16.000 . . . 

0, 
. . . . . . . . .. . l; ' f 

. 
J- 6-7, i95z 

. 
/ . r '  . :.~ett f ~ e ~  : 36.3 : 75.4: 99.0: 99;6:100.0: . . . : d . 4 5  : . . . . . . . . . . 

Ikte . . . . . . . . . . . . . . . . . . . . 
r7-57 : 117.05  fain.-: 0.8 : 3.8: 251.8: 9.5: 99.5: 99.8:m.o: . . 

: .1+99., : . . . . . . . . . . . . . . . :- channel: 1.0 : 5.1: 38.7: 9.8: 98.8:100.0: . . . 
: 1 ~ 2 9  ' : . . . . . . . . . . . . . . . . :~ channel: 0.7 : 4.4: 36.0: 97.3:lOO.O: . . . . . . : 154-99 : . . . . b. . . . . . . . * .  . . :J*Y field : 25.2 : &*7: 98.4: 99.1: 99.3: 99.6: 99.8:lOO.o: . . : -09 : . . . .  . . . . . . . . *,, . . . . . field .: 7.3 : 21.1: .87.8: 99.4: -gg.8:300.0: . . . . . : m+4g : i .  . 0 . . . . . . 

: ~6.67 .:Jett ' field *: U.5 : 26.4: 81.2: m.5: 99.0:lOO.O: . . .  . . . . . . . L s . :  . . . . . . . . . . . . 
:~etty field : 35.7 : 94.2: 97.2: 98.7: 99.5:lOO.O: . . .  . . . : 7+22 . . . . . . . 0 . .  . . . . . :M&I chrr~nel: , 2.7 ,: .36.7: 93.3: ,99.1: 99.6: ~.7:100.0: . : ,7+72 : . . . . . . . . :W &and: 3.8 I 17.61 Se.8: 98.81 99.31 99.51 99.61 99.61100.0 . . 8 t 8 2 :  . . . . . . . . . . . . . . . . :W channel: 1.0 : 5.1: 36.1: 78.6: 93.2: 96.8: 98.3: 99.O:lOO.O . : * :  . . . . . I. . . . . . 0 

. . 
• :~100d'plain : 30.6 : 90.8: 99.6: 99.8:1OO.O: • . • • • • . . :l2i82: . . . . . . . . . . . . 





I . . *. [PerceIxt finer thsn :(sieve size In .mu) . 
Ssolrple No.: Snctian : mioar -:0.062~:0.12~:0.250:0.500:1.000:2.000:4.000:8~000:P6.000 . \ . .' . . . '. . . . . . . '. . . 

18-19, 1957 
- ,- -. . -. : 135.47 1+03 : "6.6 : $28.9: 99.4: gg.8:ioo.o: . . a 2+83 ' .: 0.4 U: ~2.5: u3i.B: 87.4: 98.2: 99.1: 99.7:lOO.O: . . I .  303 : ,0.8 .: 4.7: 40.7: >9.7: 99.2:loO.O: . . . . 333 : 0.7 I: 4.3: 4x.3: i~.8r100.0: . ;I .. . . .. 

. '.7+33 : 25.8 :: 69.0: 87.2: 93.8: 96.7: 9.8;~b.o; . 
Jbne 21.-26; .l9S7 

0 

: 1 1  ,: 51.4 .:43.5: %,ij:l~.O: .. . . . . . . . .. . Xi7.@ 8141 *:' 1.2 : 6.9: 59. '~:  ,%+7:100-0: . . . . . . . % : 0.4 ,': 3.4: 41.2: "95.5: 99.7: 99.7: 99.7: m.7:1mV0 . : 1 ~ 3 1  : 'i;8 ,: :9.2: '78.7:. '99.1: -39.7:. gg.8:1m.o: . 
I u7.e . . &ge : L O  : 6.1.: "70.3: 'B.6:lOO.O: . . . . . 99 : I : 6.1: '37.0- 68.0: 90.3: p.71 g6.61,~.8~10.0 

: .1&3 : '2.4 : /;U.8: 82.2:iOO.O: . . . . .  . . . . : 144.6 . : 92.6 : 97.6: -99.5:W.O: . e . . . . 
: w.43  -: ,U919 .: ,0.8 : 4.2: 38.5:'89.6: 5.7: 99.4: %.9:100.0: . : -24 : .0-7 : '4.1: 41.0: ~~i4:100*0: .) . . . '8 

, : "13+dc : . ~0 .6  : -3.5: (30.-5: 88.9: ,904: 99.5: 99.8:100.o: 
o uT.@ r 3- : '0.7 : 4;7: .&1: 9e.o: 97.8: 98.4: 9.9: gg.3:100.0 . : : 0.8 :. 5.2: 58.8:lm.o: . . . . . . . 

: 2-8 : 1.8 : gC6: 49.9i1.00.0: . . . . . 
: ,: ~ 6 . 6 7  . . .7& : a1.6 : ,8.7: 88.7: 99.3: 9.8:1c~.o: . . . 
. +  8i-3 : ~0.6 : 4*0: 56:4: .99;3:1OO.O: 1 . . . . . . . !wl : 0 ~ 8  : - 5.0: 48.0: ~.2:100.3: . . . . . . : : 0.5 : 3.4: A39.5:~$3.8:ioo.o: . . . . . . . : 15+20 : U.8: 22.7: 69.1; 95.3~1.00.0: . . . . 
: ll6.47 . . 1+14 . 8.0 :,26.6: ,98.1: 99.8:m.o: . . . . . . . . . . 2qg  : 0.6 : 3;8: 43.3: gg.0: g9.8:ioo.o: . . . . 
0 

. . 31-09 : 1.5 : 8.6: 56.0: gq.3:lm.o: . . . . . . . . . . .  ' 339 : 1.5 : 4.8: 42.0: g8.5:1oo.o: .. : . .  . . &19 : 5.9 : 25.8: 47.2: 93.1: 97.6: 98.6: gg.5:loo.o: 

. . 

I 
L1 . 



sheet 9 of  1lc 
!mle.Q 

. . . . . . Percent fher than (sieve size in mm) 
sample No.: SectIan : steian :0.~~:0.125:0.258:0.500:1.000:2.000:4.000:8.000:U.060:~2.000 - .  . . . . . . 1. . . . 
A- 1958 

. . . . . . . . 
. . 114.47 . 1+35 : 99.4 : 99.6: 9.8:loo0o: . . . . . . . . . 2+95 : jk.3 : 67.5: m.3: 99.8:I.Oo.O: . . . : . 44-45 : 24.7 : P.9: .%.6: 98.6: 99.9: w.9:lOO.O: . . 
D 

9 . : 0.5 : 2.6: '33.4: 9.4: gg.g:ioo.o: I. . . . . . . . 74-25 : 0.4 : 2.4: S . 6 :  77.3: 9.9: 93.7: *.9: 96.0: m.0:IW.O . . 0 . &15 : 0.4 : 1.4: 22.3: 93.5: 99.8: 99.8:xw.o: . . . . .8:100.0: . . . . . . . . 
: ~ 6 . 6 7  . . i "5:"1 i~4: gg.8iloo.oi . . . . . . . . : 47.8 : 85.3: 99.4: 99.8:~10.0: . . . . ' :  . . . . . :% : 7.8 : s.9: m.9: 9.8:D.o: . . a . . . 

I 1~44 : 0.4 : 2.0: 22.6: 75.2: 94.2: 91.6: 98.5: 99.4:lOQ.o: . : ~ + g t  : 3 : 5.2: 37.4: 93.2: 99.8: 99*9:1OO*O: . . . . . : 4.5+d, : 6.0 : 99.2: 99.8t108.0: . : . l . . . . . : : 9.4 : ~.3:100.0: . . . Q . . . . . . 
: 11'1.05 : Xbt-87 : 1.1 : 7.0: @.7: 99.9:ls0.0: . . . . : $54.57 : 1.7 : 10.6: ,T7.6: 99.5:lOO.O: . . . . . 0 .  . . : l6i-3 : 6.1 : 17.3: 82.9: 99.4: s.9:jl~O.O: . . . . . : : 86.1 : 9.8: s.8:loO.O: l . . . . . . 
: 5U7.43 : 11+65 : * 1.0 : 5.4: 60.6: 98.0: %.9:3OO.O: . . . . . .".. . . : e55 : 0.5 : -3.0: 25.8: 93.0: 99.7:1W00: . . . . 

l ~3.3 : 2.8 : &3.1:*75.4: 98.2: gg.g:l(X).O: ". . . 0 . . . . . : 1 0  : 113.2 : 55.1: 98.8: 99.6: 99.8: ~.9:lOQ.o: . . 
: 117.62 :M : 8Qi.6 : 99.4:lOO.O: . . . . . . . . . . : 952 : 0.6 : 3.7: u.5: 97.4: 99.9: 9909:1~*0: . . 

: 1 ~ 2 7  : 0.5 : 2.7: 23.4: 82.6: m.7: gg.6:~m.o: . : . : 11+52 : 3.3 : 13.7: 71.9: 98.9:100.0: . . . . 
: ~17.81 . &32 : k.3 : 6.4: 59.0: ~ol:loo.O: . . . . 967 : 01.8 : 3.9: 35.2: 9.8: 99.5:lOO.O: . . . . . . : u.* : 3.7 : 13.0: 78.0: gg.o:im.o: . . . . . . : 12+77 : 80.9 : 93.4: 99.8:m.o: . . . . . . . . 



. . . . . . PencePt finer thnn ( a i m  size in ~mr) 

S- No.: Section : mian :b~~:0.~5:0.~~:0.~00:1.000:2.000:4.000:~.000:16,000 
: . . . . . 0 ' .  . . . . 

A p r i l  1, 
. . 

l . : l+l8 t 99.0 : 99.5:m.O: . . . . . . 
l t 2+78 : 1.1. : 9.5: 90.4: 99.4: 99.6: ~~.~:.UOOO: . . . 

: 6148 : 0.5 : 5.3: 43.2: 96.8: 99.6tm.o: . . . . 
: 74-58 : 0.8 : 4.5: 39.7: 87.7: gS.6: 99.8:lDO.Q: . 

d# t 80.58 : 1.9 : 8.3: 63.9: 99.8: 99.9: 99.9:loO.Q: . . . : 9-78 : -97.3 ': 98.7:u>o-O: . . l . 
: 116.67 o . .: 34.3 : 75.0: 99. : 99.9:100-0: . . . . . : 9.1: 39.6: 96.8: 99.6:1oo.o: i . 
l . : 1 , 5  : 1.0 : 5.2: Wb.9: Bg.9: '96.8: 99.7:100.0: . . . . : m25 : 0.2 ,: 0.9: l6.4: 912.4: 99.5: 99.9:108.0: . . : 10.8 : 41.2: "99.6: 99.8:180.0: 
: 327.05 j : 0.4 .: 2.3: a.1: 78.8: 97.0: 96.; 99.2: 99.6:300.0 . l : lp5l : 1.2 : 52: 68.2: 99.8:m.o: l . . . 

: W : 0-7 : 4.9: 38.6: n.1:100-O: . l . . . . : 1 : 9.1 : 96.3: 99.7:100-0: . . l . 
: 117.43 : 1.6 : n.6: 69.1: 99.6:ioo.o: . 
e 

: 
: 1.7 <: 8.6: 56.7: 91.2: 9.0: 99.4&0.0i : u+ . . . : M : 1.0 : 6.2: 45.2: 93.2: ggm8:100.0: . . l 

l :In j8d.e : 14.0 : 28.1: -86.8: ~.l:lOO.Ot . . . - . . : f i eu  . . . . . - . . . l . . . 
?china Jyks 81.7 98.8 jld0.0~ . . l . . . . . . . . . e . . . 

: 117-& :East flood : l6.5 : 44.9: 99m2:10000: . . . . : nlnin . . . . . l . . . . . . : . . 
: 965 : 0.6 : 4.1: 49.1: ~.0:100-0: . . t 

t : : 2.3 : 7.2: 50.7: m.6: 99.4: 99.9: ~(10.0 . 



- 
. . . . .Percent .riner thtul (sieve size in mu) 

NO-: SecP;Pm ': M i o n  :0.~5:0.~~0.250~0.500:1~000t2.800:4.000tt).000:16.080:32.000 . . . .I. . . . . . . . . . . . . . 
A p r i l  *#as 1 s  1958 . I 

I . ~ 7 - e  : ,u+ : 1.7 : 9.9: ~ . o : m . o :  . . . . . . . . 
: ( c a o r t ~ )  : . . . . . . . . . . . . . :west ilooa e . 6  97.6; 99.7I100.0; . . t . . . . : nlR.ln . . . . . . . . . . . . . :west llwn I 60.6 I 96.71 gg.81100.0; . . . . . 
. : rilR.ln . . . . . . . . . . . . . . 
: n 7 . a  . 8t32 : 3.0 : 13.8: 83.0: 99.4: 99.9t100.0: . . . . . . . gtp : 1.1 .: 6.8: 40.4: .%.4: 99.9:100.0: . . . . . . : 11-1-72 t 0.8 : 4.3: 46.0: 99.5:Poo.O: . . . . . . . : 13+m : 5.8 : l9.8: 90.3: 96.7: 99.3: 99.9:lOO.O: : . . :- jackt3: 96.7 ,: 98.2: 99.6:100.0: . . . . . . . . . : . . . . . . 0 . 

M Q Y 1  : 1 . 
-.47 

. . . . . . . . . . . . . . . 
1+38 : 94.3 : 95.3: 99.4:100.0: . a . . . . . . . . . 3+18 : 0.6 : 6.0: n.0: 96.9: 97.7: 97.8: 97.9: 9;..g:im.o : . . . 5+28 : 2.1 : ,13.0: 67.3: 88.7: .*.5:. S.9= .97.3: 97.4: 97.6 :loO.O 

.I 
61-78 ,: 0.7 : 4.4: 42.8: s.9:f<#>.O: . . . . . . . . 7998 : 0.2 : 1.2: "~6.3: B7.2: 99.1: ~eg:lOo.~: . . . . . w : 34.3 .: ,5307: gg.1:m.o: . . . . . : 1628 : 68.P : 84.4: 96.6: 99.5:lOO.O: . . . . . . 



ZgEA . _  

I , : ,  -me& finer than (s ieve #sf* in m) 
: seeti& i, .Bt.tlQL ', ! 

sam@e NO.: :'0~~5:0.~5:0.2~0:0.500:1.000:2~000:4~000:8~000t16~000:32~000 . .: . . . . . . . '. : - 
EIas 19-20s 1958 . . 

: U7*W . $2.1 : .s.g: .~.O:loo.O: I. . . . '3 17.0 : ,39.8: 99.1: pp.8:loo.o; . . : . .: 0.2 : 2.7: "45.5: 97.5: :99.8: 9.9:100.0: . : . . 
. : . .1 * : o : 7.4: 69.1: .99.7:loo00: . . 

: l t i e  :. : '0.7 ,: 5.8: '43.8:, g.1: :~.8:xm.o: . . 
: : 8.5 I :  &.6: 90.6: 98.5: .99;4: g9.8:m.o: 

: ~7.43 : mgO : 0.2 : 6.4: 54.9: 98.2:100.0: . . . : -50 : 0.2 : '2.6: ,3608: ge.1: gg.1: sgg.g:l~.o: . 
': t 0.5 .: 3.8: 38.5: ~98.3:loo.o: . : . . . . :~gbrt  .: 25.1 : 91.4: .99.9:100.0: .. . 
: flood . . . m . 

I * 

t 
. : m . . . 0 . . . 

,:m bank : m.0 : 9.5: 99.5:100.0: 
. '. t 

0 . t i l n o d  ,t 
. . . . * .  . . .: plseP : 0 

0 
. 

: u7.Q . 74-30 : 96.9 : 99.0: 99.5:loo.o: 
. . . . . *go t 0.5 ,: 3.8: 42.0: .9.o:m.o: 1 mgo : 1.2. : 8.6: 6.9: :gP.l:lW.O: 

0 

: 
0 . . . 

. : . .=SO, 0.4 .: 2.8: 29;s: fl.1:lW.O: . . . . :wept ilooa : 9.1 : 98.6: 99.6: 99.9:lW.O: . . . . . 
-: ' 

. . : . 
:- flooa : 56.2 : 97.4: 9.9: g9*5:100.0: . . * 

: w . . : 
. 

I . .  : 
: '117.81 :- I 50.5 : ge.1: 98.4: 99.3: 99.8: 99.9:100.0: 

0 . 
: w . . . . . 

'&50 : 0.7 : 2.7: 47.7: s.1: 99.6: pp.9:im.o: t . . 
9 1 : ~  : 2.6 : '1 .8: n.1: ~99.5:lW.O: . 

. =U+W : 0.7 : 2 -6: 43.2: S.8:lOO.O: . t 

' : 83.7 : 90.9: g13.7r1.00.0: . 
15+25 : 97.6 : 9.0: lggg:~oo.o: . . 

b 





. . . . - , Percent finer :(sieve . size din nmr) - " . 
Sarmple XO* : SectiQn : Stafia ~:0~~5~0~~~:0~~O:O~5O0:1~O00:2.000:4~000:8~000:~.000:~2.000 -. . . . .:. . :  - 0  . . . '  " 0  ' 0  -. I . , " 0 . . -  < 

2768, '1958 
. . 

: U7.Q : ~ 6 3  ' : gn.0: gT.6:&.~: . . . . . . . . . : m18 : 0.3: 2.4::20.3:50.0 ,:' 66.5: 78.0: 83.7: 89.8: m.1 t100.0 
a t ~ + 1 8  : 1.2: 7.7: Q.1: 98.8:UIO.O: • • • . . . : WJ.6 : '0.6: "4.8: ,3807: 93.1: 99*3:10o*O: . ' .  . . :noQd @&%In : Q.9: 78.3: 99.0:100.0: . . . . . . . . .:- jplai~ : 85.7: 9.6t100.0:. . - . . . . 
: U7.8.l : O+~O : 87.3:, s . 6 :  .96;.4:100.0: . . .. . . . . . • : 7.1.30 : 39.7: 9 .8:)  99.0: 99.4: 99.6: gg.g:lOO.o: . . . 

: 910 : 1.1: , .307:':48.3: <moo: 99.'7:106.0: . . . . : mu : "2.7: .l6.7: 72.0: g6.6:ioo.o: . . . : . . . . . 11+30 : 1.0: :6.6:45.X::,~.g:UIO.O: . . ' . . . . : 1b1.0 : .pol: 87.4: 9 9 m 6 : ~ . 0 :  .. . t . . . . . . : 16t10 : 90.3: 96.4: m.8: 99.0:10O.O: • • • • 

: U7.81 :-es t a l o e n L A ~ - l : 3 ,  1958 : . . . . . . . : '8t.32' , : 3:0: ~ 3 . 8 :  .83.0: 99.4: 99.9:loO.O: . . . . . 
• s: '9~ : 6 1 . 1 :  ,6.8: 42.4: 9 .4:  t 9 9 . 9 : i ~ o ~ :  • • • . . . : U+72 : 0.8: :4.3: h6.8: 99.5:lOO.O: . . . . . . . . : 13'7'7 ,: 5.8: ~ 9 . 8 :  '90.3: 96.7:. 99.3: -gg.g:ioo.o: . . . . . . :~ehirub I&: 96.7: 98.2: '99.6:u)o.o: . . . . . 

- 
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m l i  

. . . ". . . . . . 
Date : !Pime : Section :Discharge: Conc ': :Temp: Percent finer.than :(sieve a i m  i n  mu) + . .- . I  : @ f ' ~  : - :  :'OF :0.0039:0.0156:0.0625:0.L35 :O.2$O :0.5001:~.oo0 . . . . . . . . . I .  

b. . . . . . . . . . e 

Hay U, 12, and 13, 1957 
543-57: 5200 pm: 1 1  : . . . . . . . . . . . 

:Flood g l ~ h  : I 5,620; : 63 : 2 : 44 : 66.9 : 0b.7 : 99 :loo :ZOO 
5-13-57: 5 : R  ~pn: ~ 7 . e  : k,W : . . . . . . . .- . : . . " :Behind jack8 : E 2,260: : 63 : 57 : n 1 96.5 1 99.3 100 ~100 :lo0 
5-13-57: 5:30 p: U7.62 : , . . . . . . . . 

0 . . . . . . . 
r- : P I I ~ F ~  ~ h a n t d .  : ,: 6,490: : 63 : $29 : k : g.8 : 91.1 : 99.3 : ~ o o  :loo . . . . . . . . . . . . . . . . . . 

McOinnh :end Skousen Corrtractors : . . . . . . . . . . . 
5-17-57: 2:00 pn: 69300 : . . '. . . . . 

:t-wn ~ ? l a ~ ~ d  : ~ u , 3 0 0 ~  :67 :25  : 36 :63  : 8 6  : 99 boo :loo 
5-17-57: 2:W pn: 893+00 : . . ' . . . . . . . ' :~ehi.& ~ELCISS : :12,300: :'g7 : 26.9 : 37.8 : 78.0 : 95.8 :IOO :LOO :loo 
6-21-57: 9:20 slm: 8 g W  : . . . . . . . . . . . . . :Eaain C ? ) P F U U I e l  : :15,3~0: : 67 : 48 : 62 : 76.8 : 91.5 : 99.2':lOO :I00 
6-21-57: 945 am: 893+00 : . . . . . . . . . . . :~ehhd jackrr : :13,200: : 68 : 58 : 76 : 90.8 : 99.6 :loo :loo :loo . . . . . . . 

a . . . 
5-24-57:ll:15 m: 47WUO : . . . . . . . . . . . . :Skousen Conrtr : :10,70Q: : 62 : 21.1 : 30.2 : 57.1 : 84.7 : 98.5 :lo0 :I00 . . . . . * I  * . . . . . . . . . . . . 
June 6 and 7 , 1 5  
64-57 :12:10 p2 117.81 : . . . . . . . . . . . . :Fhod plain : 3,814 : 2,0gO: : 'p . :43  : 5 8  :g4.5:.9.4:99.9:100 : 
6-6-57 112:~ pn: ~ 7 . 8 1  : . . . . . . . . . 

:&kin channel : : 4,900: : 'p. : 21 : 30 : 62.7 : 93.-7 : 99.6 :lo0 :LOO . . a . . . 
6-6-57 : 2:05 m. ~7.62 : . . . . . . . . - . . . :mood : : 1,130: : 74 : . . : 97.7 : 99.5 :loo :LOO : 
6-6-57 : 2:05 pm: 7 : 3,181: . . . . . s . . . . J3ehindJack : : 935: :* :  . : 98.1 : 99.5 :loo . :loo : 
6-6-57 : 1:s pn: ucp.62 , : . . . . . Y . . 0 . . :Mxln FhftnnR1- : : 4,550: : 74 : 20 : 28 : 63.2 : 89.5 : s . 0  :lW :lW 











. . . . . . . . . . 
Date : Time : Section :Mecharge: Conc : ,,:Temp: Percent finer than (sieve ,size in nrm) . . . . : C ~ S  . : p p  : '.: "F :0.0039:0.0156:0.~5:0.125 :0.250 :0.500 :1.000 . . . . . . . . 

i. 
1. . . . . . . . . 

4-23-58 : . . 117.05 : 6,490 .: "g1753:1Wr910: ,: . . . . . . . . 
:10:45 am:station : 6,320 : 9,910:X6g,100: .54 : 24 : 33 : 59 : :84 : 98 :loo : . . : 1447-3.642 , : . . *<. .?? . . . . 

*r . . . . 0 

: 1.1245 am:Station : 170 : 3,940: 1,810: 59:  51 : 69 :,93 : 9 :loo' : . . . . : 1787-l&tl : . . . . . . . . . . 
4-23-58: . 117.43 : 6,636 1 8,350~14~,5pi . . . . . 

:U:b am:station :6,510 :8,3~:147,500:55i27 ;;38 I 6 9  I 9 1  199 ;loo I 
: 1045-1375 : . . . , . . . . . 

:lo: 35 am:~ta;tion : 1 6,080; .2,0701 56 1 35 4 8 : 86 9 I100 1 . . . 
: 1315-1!540 : . . . . . . . . . -. . . 

4-24-53: . U.7.62 : 6 , ~ 4  14 8,41.61152,~601 . . . 
: 9:b m:w~oodplain: 234. : 2,780: 1;760: 53 I 69 I 88 1100 I 

. . . 
: 9:30sm:Sta:'tion852325e'6,480 : 8,620:150,800: 52 :,27 : 36 : 63 : 88 : 99 

. 
-:loo : 

4-22-58 : . 117.81 : 5,800 : .8,437:132,1%: . . . . . . . 
:lO:lO am:&xtion : 5,796 : 8,W:132,100: 55 : 23 : 36 : 76 : 90 :loo : . : 787-1207 . . . , A  . . 
: ~ : 3 5  amrSt;ation . . 4 1 3$201 y i i 6 2 I 5 2  174 197 1 %  i . : 1272-=82 : d o  . . . . . . . . . . . 

4-30-%I 
. . 116.47 : 6,259 1 6;0e611m,8161 . . . . . . . . . . 

: 9:45 1mn:station . . . . : 0 . .  . . : 108-242 : 205 2,260601 " 1,2501 57 i 42 : 57 1 87 i 9 95 gg 99100 i 
:U: 05 am:Sttxtion : 5,%3 : 6,230:100,100: 54 : 1.6 : 23 : 44 : 79 : 9 :lo0 : . . . . : 242-8'78 . . - a . . . . . . . . . . . . . 
:32:2Q pn:Stgtion . 101 :1,790: 4g0:60:51 :67  : p  z.99 :loo : . . : w-ms . . . . . . . . . . . . r. . . . . 

5- 1-58: . 1.667 : 6,002 : 5;4y7: 89,081: . . . . . . . 
: 8:55 apn:ststion 725 : 3 : it690: 14: 56 : -- -: -- :198 ,: 99 :loo : . 
: 9:50 am:ststion : 5 , W  :5,560:88,700: 5 6 : ~ ~  :24 :48 :80 : 98 :loo . . : m-1327 . . . . . . . . . . . . . 

! 
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. . . . I. ' . 
- 0 .  

. 
IMe : T h e  : Section :L%uwge: &nc.': :Temp: Pement finer than (sieve size i n  mm . . . : cfs : ppPa : : :0.0039:0.0156:0.0625:0.125 :O.250 :0.500 11.000 . . 0 . .  . . . . . . . . . . . . 

:10:55 amstation . . . .. . . . . . ,. . . . . . . . 
: 1415-1545 : 90 : 1,520: 367: do :: -- :: -- 

4-30-%I : %  : 9 9  :*99 : 100. : . . U7.W : 5r935 : 5,489: 87,959: . . . . . I .  . . . 
: 3:45 pca:ststion : 5,@3 : 5,550: 87,300: 98 : 20 .: 28 :,52 : ,73 : 96 : lo0 : . . : 146.l-* : . . . . . . . L . . 

, . . . . . . 
: 5:25 pn:Station : '112 :2,180: 659:59$:42 :59  :;g~ : *  :IW : . I. . : 1789-1872 : . . . . 

4-9-58: . . . . 
117.43 : 6,102 ; 4,@ 78,641; .1 . . . . . . . . . 

: 2:50 pn:St;stiom : 5 # m  : 4, 0: .Tl,&xl: 57 : 2l : 31 
1 .  

: 5 4  :85 : ?  : l M  I 
: la-1359 : . @ ' -  .. .: . . . : {i : . 

: 3:45 pn:In jacke 
. 

: 26 : 3,350: 235: 58 : "26 : 40 : 70 : 83 : 97~ : 100 : 
: 4:W pa:Behind jacka : Xh : 2;870: '806: 58 : 30 : 46 : 82 : 98 :iW : . 

5- 1-58: . 3 3 . 7  : 5,825 : 4,952: 77,881: . . . 
: 8:s ~ l I ~ t a t i o n  817-827: 

. . " . . 
-5 : 1,290: 17: 56: 50 : : m ::LOO : . . . 

: 9:35 am:station : 5,776 : 4,990: 77,800: 57:18 : rl : 54 :'86 ; : 99 : 100 : 
0 . : 890-1265 . . : . . . . . . . . . . . . . 
:10:30 am:station : 44 : 535: a: 60 : -- : 0- :99 :loo : . . . : 1464-1588 : 

. 
4-30-58; 

. . . . . . * . . . . 33.7.83. : 6,156 :4;947 : '82,232: . . . , .  
:U:l5 =:stst ion :6,150 :4,950:&,2~@:52:20 229 1 5 4  ; 8 5  199 1100 I . : 79e-l222 . . . . a . . . . . a : . 
:12 noon : Stst  ion 5 :2,240 : ,30: 55 : 40 : 58 : go : 99 :loo : . . . : 1372-1382 : . .' . . . . . . . . 
:12:07 p~:Behind jacks : 1 : ,739 : 2:.66:88 : 9 7  : 9 ~ ]  :I.OO : . . 

5-L9-58: . 116.47 : 7,651 ~3,867 : 79,885: . . - . % .* -. . 
:N:05am:Ststion+238: 401 : 767: 830 : a : - -  : -- :91 : 9 9  : -: 
:10:55am:8tstion25&858: 7,228 :4,050: 79,000: 64 : 15 : P : 39 : 79 : 99 : lo0 : 
:X! noon :W FLoodpLtrin : 22 : geg : 55:68:56 : 6 9  :88 : @  :100 : . 












